The rifamycin rifalazil (RFZ), and derivatives (NCEs) were efficacious in a mouse model of Helicobacter pylori colonization. Select NCEs were more active in vitro and showed greater efficacy than RFZ. A systemic component contributes to efficacy.
Introduction
Infection of the stomach lining with Helicobacter pylori causes gastritis, peptic ulcer disease, and is associated with an increased incidence of gastric adenocarcinoma. In infected individuals, proton pump inhibitors (PPI) provide symptomatic relief and promote healing of benign lesions. However, eradication of this organism by antibacterial therapy is necessary to cure patients [1] . The present regimens for the treatment of H. pylori are triple and quadruple therapy with two antibiotics and a proton pump inhibitor and/or bismuth sulfate for up to two weeks [2, 3] . Of the 50% of patients who report side effects from these treatments, approximately one-fifth discontinue treatment [4] . Although oral antibiotics have been effective in eradicating H. pylori, resistance to one or more of the commonly used agents is of growing concern. The rates of resistance range from 5.0 to 40%, and antibiotic resistance in H. pylori is associated with initial treatment failure and recurrence of infection [4ϳ6].
The rifamycin rifabutin has been reported to be an effective component of multiple drug therapy for the treatment of recalcitrant cases of peptic ulcer disease that were failures of first-line therapies [7, 8] . Rifalazil (RFZ), also known as KRM-1648 or ABI-1648 [8] , has been shown to have very potent in vitro activity against H. Each compound, ABI-0089, ABI-0094, ABI-0369, ABI-0418, and RFZ, were dosed at 4.0 mg/kg BID PO for 7 days to 3 mice, stomachs were harvested and homogenized 12 hours after the last dose, and the titer was compared to mice administered vehicle only (designated "V only"). Standard error is indicated by error bars. Treatment with ABI-0369 resulted in bacterial titers that were below the detectable level.
pylori, with an MIC 90 of 0.008 m g/ml [9] . Therefore, it seemed appropriate to test RFZ and derivative compounds (new chemical entities; NCEs; Fig. 1 ) for both in vitro antibacterial activity and in vivo efficacy using an experimental mouse model of H. pylori colonization [10] .
Materials and Methods

Susceptibility Testing
MIC testing of RFZ and NCEs was performed using an agar dilution method with strain H. pylori ATCC 43504 in accordance with the Clinical Standards Laboratory Institute. Compounds were first dissolved in 100% DMSO at 1.0 mg/ml, and then diluted into Brucella Agar (Difco) with 5.0% defibrinated sheep blood (aged Ͼ2 weeks; Remel), and poured into culture plates. After inoculation with 2.0 m l of a 0.5 McFarland unit culture of H. pylori, plates were incubated for 3 days at 37°C/5.0% CO 2 and 100% humidity.
Screening NCEs for Efficacy
Efficacy was determined by utilizing a model in which C57 Bl/6 mice were infected for two consecutive days with 10 7 cfu of H. pylori strain SS1, and the infection was allowed to progress for at least one week [10, 11] . Animals were then treated twice daily (BID) for 7 days. Doses for screening were 4.0 mg/kg of RFZ or NCE, or 50 mg/kg of amoxicillin (AMX), all delivered by oral gavage (PO) to groups consisting of three animals. Stomachs were harvested 12 hours after the last dose of antibiotic, or for control infected animals, 12 hours after the last dose of vehicle. H. pylori was detected from the stomachs by incubating dilutions of stomach homogenates on plates containing agar medium described above, except that the medium contained Skirrow's supplement (10 m g of vancomycin/ml, 2.5 IU of polymyxin B/ml, and 5.0 mg of trimethoprim/ml; Oxoid Ltd.). Antibacterials were dosed after making the appropriate stock solution in DMSO, and diluting 1/10 by volume into Dissolution Solution (5.0% Etocas 35 NF grade [Croda, Inc., Edison, N.J.], 0.9% NaCl, and 0.1 mM Na 2 HPO 4 , pH 7.4).
Comparing Efficacy of Antibacterials
RFZ or NCEs were further challenged by testing groups of 5 mice, all dosed at 4.0 mg/kg BID PO as described above, and by varying the treatment time from 1 to 7 days as indicated, using the same method of H. pylori detection as outlined above.
Testing for a Systemic Component of Efficacy
Groups of 5 mice were treated with RFZ for 3 days, either BID PO, or once daily dosing by intraperitoneal injection (IP). Doses varied from 0.5 to 24 mg/kg as indicated, and the vehicle for dosing solutions was 33 parts by volume of water and 15 parts by volume of Liquid Fill (375 g Etocas 35NF, 4.4 g pluronic acid F68, 50.8 g PEG 400, 10.8 ml water).
Results and Discussion
In Vitro Potency
In agreement with previously reported results [9, 12] , we found the MIC of RFZ to be 0.002 mg/ml (Table 1) . Certain NCEs, such as ABI-0089 and ABI-0699, were even more active than RFZ against H. pylori, with MICsՆ0.0005 mg/ml. 
Screening for Efficacy by 7 Day Treatment
As shown in Fig. 1 , the average titer of bacteria in rifalaziltreated animals was reduced multiple log units. For NCEs, ABI-0369 showed greater efficacy per 4.0 mg/kg dose than ABI-0418, ABI-0094, and ABI-0089. Compounds ABI-0299 and ABI-0043 appeared to be less efficacious (data not shown). ABI-0369 was equal to or superior to rifalazil in effect per dose.
Efficacy as a Function of Treatment Time
The duration of treatment and efficacy was examined for RFZ, ABI-0369 and ABI-699 (Fig. 2) . For all compounds, delivered as described above at a dose of 4.0 mg/kg, there was a trend towards efficacy after 1 day, although longer treatment times generally resulted in significant drops in bacterial titer. At 7 days of treatment, both ABI-0369 and ABI-0699 showed efficacy superior to that of RFZ, and roughly equivalent to that of 50 mg/kg AMX. It is possible, however, that the infection had started to abate in 7 days in animals exposed only to the vehicle, which should be considered when evaluating the efficacy of ABI-0369, ABI-0699, RFX, and AMX. The fact that ABI-0369, ABI-0699, and AMX also showed greater efficacy after 3 days of treatment supports the conclusion that these compounds were more efficacious than RFZ (Fig. 2) .
Determining if There is a Systemic Component to Efficacy
It is interesting that there was not a strict correlation of activity and efficacy for NCEs and RFZ. If the predominant component of efficacy was the topical exposure upon PO delivery, then it might be expected that activity would closely parallel efficacy. However, some of the most active compounds, such as ABI-0089, performed poorly compared with RFZ, whereas other compounds which weren't as active as ABI-0089 performed better than RFZ (Figs. 1ϳ3) . It does not appear that differences in stability of compounds could account for this difference (data not shown). A more plausible explanation is there could be a systemic component to efficacy [13] . In order to test if a systemic component contributed to efficacy among the benzoxazinorifamycin family of compounds, RFZ was tested for efficacy when given either as a PO dose twice a day, or by IP administration once daily, based on the idea that IP administration would eliminate the topical exposure of RFZ. As shown in Fig. 3 , RFZ delivered systemically resulted in clear efficacy when 24 or 8.0 mg/kg was delivered IP just once a day, as opposed to a weaker response when 4.0 mg/kg was delivered PO BID. From the dose-response profile of Fig. 3 , it appears that there is a systemic component that contributes to efficacy. It is very possible, therefore, that differences between NCEs result from pharmacokinetic differences among these compounds [14, 15] . These results are in agreement with studies which indicate that both topical and a systemic component must be considered in efficacy in eradicating H. pylori [16] .
The potent efficacy of RFZ and the other benzoxazinorifamycins in the mouse colonization model demonstrate their potential as therapeutic agents in the treatment of gastric ulcer disease involving H. pylori. The determination of blood levels following oral and IP administration could provide important information in explaining the superior efficacy of ABI-0369 and ABI-0699 when compared with RFZ, and could elucidate the importance of the suystemic component in the efficacy of benzoxaminorifamycins against H. pylori.
